Two Schiff base ligands Ampp-Sn 1 and Bmpp-Sn 2, afforded by a condensation reaction between sulfanilamide and the respective acylpyrazolone carbonyl precursors, their Mn(II), Co(II), Ni(II), and Cu(II) complexes prepared by the reaction of ligands and corresponding metal salts in aqueous solutions, were synthesized and then characterized by both analytical and spectroscopic methods, in a view to developing new improved bioactive materials with novel properties. On the basis of elemental analysis, spectroscopic and TGA results, transition metal complexes, with octahedral geometry having two molecules of the bidentate ketoimine ligand each, have been proposed. The single crystal structure of Bmpp-Sn according to X-ray crystallography showed a keto-imine tautomer type of Schiff base, having three intramolecular bonds, one short N2⋅ ⋅ ⋅ H2⋅ ⋅ ⋅ O3 hydrogen bond of 1.90Å and two long C13⋅ ⋅ ⋅ H13⋅ ⋅ ⋅ O2 and C32⋅ ⋅ ⋅ H32⋅ ⋅ ⋅ O3 hydrogen bonds of 2.48Å. A moderate to low biological activities have been exhibited by synthesized compounds when compared with standard antimicrobial agents on screening the synthesized compounds against Staphylococcus aureus, Bacillus pumilus, Proteus vulgaris, and Aeromonas hydrophila for antibacterial activity and against free radical 1, 1-diphenyl-2-picryl-hydrazyl (DPPH) for antioxidant activity.
Introduction
The electrophilic carbonyl carbon in aldehydes and ketones is a target site for nucleophilic primary amines to form an interesting group of ligands known as Schiff bases via a condensation reaction. Schiff bases possess remarkable reactivity and properties which have been observed to be more efficient when in coordination with transition metals, hence their diverse applications [1] [2] [3] [4] [5] [6] [7] [8] . Acylpyrazolones are a series of heterocyclic diketones that have attracted a lot of research attention because of their chemistry and strong chelating properties especially towards transition metal ions [9] and numerous uses [10] . Knorr first synthesized pyrazolone derivatives by reacting phenyl hydrazine with ethylacetoacetate to form a novel 1-phenyl-3-methyl-5-pyrazolone in 1883 and studies on this group of compounds have been on since then [11] . They have the ability to exist either in an enol or keto tautomer forms, which gives them the potential to form different types of interesting coordination compounds [12, 13] . Sulfanilamides are the simplest of the family of sulfa drugs. They act as metabolites capable of obstructing folic acid synthesis in bacteria, thereby causing cell death, the reason for their strong antibacterial activity [14] . There has been hypothesis that some metal complexes of sulphur containing ligands have shown more potency in their anticancer properties [15, 16] . Coombs and coworkers synthesized Schiff bases of sulfanilamide with salicylaldehyde and their palladium complexes [14] . The single crystal structure of another salicylaldehyde Schiff base, N, N -(p-phenyl sulfanilamide)-5,6-dimethoxypyrimidine-(2-hydroxyl benzene) methylidene, with excellent fluorescent properties has also been resolved [17] . We have reported the X-ray crystal and molecular structures of 4-benzoyl derivatives Schiff bases, 4-benzoyl-3-methyl-1-phenyl-2-pyrazolin-5-one phenylhydrazone [18] and 4-benzoyl-3-methyl-1-phenyl-2-pyrazolin-5-one-2,4-dinitrophenylhydrazone [19] . In continuation of our probe on new Schiff bases and taking the advantage of possible synergistic properties from the combination of acylpyrazolone and sulfanilamide, presented herein are the synthesis, characterization, antibacterial and antioxidant studies of 4-acylpyrazone with 4-aminobenzenesulfonamide Schiff bases and their Mn(II), Co(II), Ni(II), and Cu(II) complexes.
Experimental

Materials and Methods.
Melting point was determined using the GallenKamp melting point apparatus. CHN elemental analyses were carried out on a LECO.TRUSpec Micro CHNS analyzer. FTIR spectra were measured as KBr Pellets (4000-370 cm −1 ) on a Perkin-Elmer Model System 2000 FTIR spectrophotometer. Electronic spectra of metal complexes were recorded on a Perkin-Elmer Lambda 25 spectrophotometer and a Sherwood Scientific magnetic susceptibility balance was used for magnetic moments with powder samples of complexes at room temperature. Diamagnetism corrections were estimated from Pascal's constants.
1 H and 13 C NMR spectra in deuterated DMSO were recorded on a Bruker 600 MHz Avance II NMR spectrophotometer using trimethylsilane TMS, as internal standard. Chemical shifts are given in ppm ( scale). Thermal analyses were done on a NETZSCH STA 449 C instrument at a temperature range of 20-900 ∘ C with a heating rate of 20 ∘ C min −1 in nitrogen gas. Mass spectra of ligands were determined by the Bruker micrOTOF-Q II 10390 mass spectrometer. They were analyzed with ACPI using a direct insertion probe (DIP). An external calibration with sodium formate was performed to attain the correct accurate mass. Single crystal X-ray diffraction studies were performed at 200 K using a Bruker Kappa Apex II diffractometer with graphite monochromated Mo K radiation ( = 0.71073Å O, sulfanilamide, and 3-methyl-1-phenyl-2-pyrazolin-5-one, and solvents were of analytical grade as supplied by Aldrich. Schiff base precursors 4-acyl-3-methyl-1-phenyl-2-pyrazolin-5-one derivatives were synthesized and purified as reported earlier [20] .
General Procedure for the Synthesis of Acylpyrazolone
Schiff Bases. To a solution of 4-benzoyl-3-methyl-1-phenyl-2-pyrazolin-5-one (2.0 mmol, 0.56 g) and 4-acetyl-3-methyl-1-phenyl-2-pyrazolin-5-one (2.0 mmol, 0.43 g) in methanol (40 mL) each in a separate round bottom flask sulfanilamide was added in drops (2.0 mmol, 0.34 g) in hot methanol while stirring; Bmpp-Sn and Ampp-Sn were precipitated, respectively, after 4 h of reflux. The resulting yellow (BmppSn) and pale-yellow (Ampp-Sn) solids were filtered, washed with methanol, and dried at room temperature. They were recrystallized from methanol and stored over fused CaCl 2 . Suitable thread-like yellow single crystals of Bmpp-Sn for Xray diffraction were grown at room temperature from slow evaporation of methanol solution after seven days. (2) . Single crystal X-ray diffraction studies were performed at 200 K using a Bruker Kappa Apex II diffractometer with graphite monochromator, Mo K radiation ( = 0.71073Å). APEXII was used for data collection and SAINT for cell refinement and data reduction. The structure was solved by direct methods using SHELXS-97 and refined by least-squares procedures using SHELXL-97 [21] with SHELXLE [22] as a graphical interface. Platon [23] and Ortep-3 [24] were used to prepare material and diagrams, respectively.
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Antibacterial Studies. In vitro antibacterial activity of synthesized compounds was screened against Gram positive
Staphylococcus aureus and Bacillus pumilus and Gram negative Proteus vulgaris and Aeromonas hydrophila bacterial isolates at 40 mg/mL in DMSO using the Kirby-Bauer disc diffusion technique based on the size of inhibition zone formed around the paper discs with some modifications [25] . Bacterial isolates were grown in freshly prepared nutrient broth growth media to obtain a minimum of 0.1 optical density OD of bacterial isolates suitable for screening. To a solidified about 20 mL Mueller-Hinton agar in Petri plates, 0.1 mL of test bacteria was spread over the medium using a sterilized spreader. Presterilized filter paper discs having a diameter of 6 mm which were impregnated into prepared solutions of synthesized ligands and complexes were placed in the inoculated Petri plates ensuring a reasonable equidistance from each other. Filter paper disc treated with DMSO was used as control while antibacterial chloramphenicol served as a standard drug and was used as a reference to evaluate the potency of the tested compounds under the same conditions. The Petri dishes were left for a few hours in the refrigerator for prediffusion and finally transferred to an incubator at 37 ∘ C for 24 h. This procedure was performed in triplicate. The bactericidal activities were determined by measuring the diameter of the zones showing complete inhibition of bacterial growth in millimeters and subtracting the diameter of the filter paper disc and finally dividing by 2 to obtain the exact zone of inhibition. The values were calculated as mean of triplicates.
Antioxidant (Free Radical Scavenging) Activity.
Schiff base free radical scavenging activity and that of its metal complexes were tested against the stable free radical of 1, 1-diphenyl-2-picrylhydrazyl (DPPH), employing the method of Blois [26] with few modifications. A 0.1 mmol solution of the DPPH in methanol was prepared, and 1 mL of this solution was added to 3 mL prepared solutions of the test compounds in a mixture of DMSO and methanol in a mole ratio of 1 : 9, respectively, at different concentrations (0.13, 0.25, and 0.50 mg/mL). The same procedure was carried out for standard drug, ascorbic acid, and an equal volume of dissolving solvents as control. The mixture was shaken vigorously and allowed to stand at room temperature in the dark for 30 min. With the use of a spectrophotometer at a wavelength of 517 nm the absorbance was measured.
The capability of synthesized compounds to scavenge DPPH radical was calculated using the expression
where 0 is the absorbance with control sample and 1 is the absorbance with test samples including that of standard drug. 
Results and Discussion
The elemental percentage composition of 1, 2, 1a-d, and 2a-d found was in agreement with calculated values. Octahedral metal complexes with the corresponding Schiff base binding bidentately are proposed, having two molecules each of the Schiff base and two molecules of water to complete its octahedral geometry [28] .
3.2.
1 H and 13 C NMR Spectroscopy. The 1 H NMR spectra of 2 showed a multiplet at 7.8-7.1 ppm due to the aromatic protons and a singlet each at 12.8 ppm and at 8.0 ppm, Figure 1 , assigned, respectively, to the sulfanilamide NH 2 hydrogen -NH and the azomethine nitrogen H-N=C proton. The resonance peak due to methyl protons on the pyrazolone ring is displayed upfield at 2.2 ppm integrating for an unequivalent number of hydrogen atoms.
1 H NMR spectrum of 1 was inconclusive as resonance peaks were not resolved enough to assign all necessary chemical shifts; however, the peak on the far downfield is due to sulfanilamide NH 2 hydrogen -NH at 13.1 ppm integrated for one proton. The two sharp peaks observed at the far upfield are due to the methyl proton groups, pyrazolone methyl at 2.5 ppm, and the acetyl methyl at 2.4 ppm, although integrated for a higher proton value. The signals at 7.9-7.2 ppm are assigned to the aromatic protons while the peak at 8.0 ppm is due to azomethine hydrogen H-N=C, Figure 2 .
The 13 C NMR spectra gave more information on the Schiff base ligands, Figures 3 and 4 2 and that at 165.4 ppm in 1 may be assigned to the carbonyl carbon C=O. The azomethine carbon is observed at 139.3 ppm in the spectrum of 2 and at 164.5 ppm in 1 [29] . Signals due to aromatic carbon atoms are resonating at a chemical shift of 132.2-110.7 ppm in 2 and 142.8-116.6 ppm in 1. Aliphatic methyl carbon may be assigned to a signal at around 16.5 ppm in 2 and the two methyl groups in 1 are assigned to the signals at 17.6 and 17.5 ppm. The resonance signal due to C-S may be assigned to the signal at 148.2 ppm in 1. Unfortunately, this particular signal could not be accounted for in 4 but its mass spectrum and crystal X-ray structure do confirm the proposed molecular structure. the azomethine (C=N) and ketone carbonyl (C=O) vibrating bands in their IR spectra. The (C=N) was observed at 1639 cm −1 in 2 and 1633 cm −1 in 1 which was modified and appeared at a lower wave number region of 1627-1617 cm −1 in the IR spectra of the metal complexes [30] . Ketone carbonyl group (C=O) was prominently observed at 1504 cm −1 in 2 and 1503 cm −1 in 1, which were reduced in peak size or have disappeared in their corresponding metal complexes spectra showing a transformation of the double bond of carbonyl into a metal oxygen bond -C-O-M [31] . The octahedral Schiff base metal complexes were completed with two water molecules each and this bond can be seen from the formation of a vibrating band at around 850-823 cm −1 in addition to the broad band at 3498-3390 cm −1 due to the -OH from the water molecules, which appeared originally at 3496-3497 cm −1 in 1 and 2 due to the -NH and -OH stretching frequencies [32] . The stretching bands that appeared at 634-619 cm 
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UV-Visible Spectroscopy and Magnetic Moment.
BmppSn and Ampp-Sn exhibited bands at the UV region due to charge transfer → * and n → * transitions, which are usually intense as a result of the organic conjugate bonds of the benzene ring [34] . Charge transfer transitions may interfere with each other, therefore preventing the expected Bioinorganic Chemistry and Applications transitions in the visible region of the electronic spectra of compounds to be observed, as seen in the spectra of some of the metal complexes reported herein [35] . [39] . Two bands in the electronic spectra of 2d, observed as a strong band at 442 nm and a broad band that peaks at 751 nm, were assigned to 2 B 1g → 2 E g and 2 B 1g → 2 B 2g transitions, respectively (Figure 8) , with a magnetic moment value of 1.93 BM. 1d exhibited one single broad band characterized by a distorted octahedral Cu(II) at 618 nm which is assigned to 2 B 1g → 2 B 2g transition, with a magnetic moment value of 1.90 BM [38] .
Thermogravimetric Analysis. TGA in collaboration with
DTG results shows a multistep decomposition pattern in the thermograms of some of the metal complexes under investigation. Generally, relatively low thermal decomposition mass losses observed below 300 ∘ C are due to the removal of the coordinated and noncoordinated water molecules, although not so in some of the metal complexes with coordinated water molecule [40] . As they exhibited multiple decomposition steps, their assignments were not unequivocal. In 2a the decomposition due to the removal of the four water molecules is observed at 220 ∘ C. The major decomposition at around 550 ∘ C with a mass loss of about 44% may be attributed to the removal of a molecule of 2 calculated as 45.3%. This decomposition was followed by a second, over a wide temperature range extending beyond 900 ∘ C, which may be attributed to the second Schiff base ligand, leaving a residue of manganese oxide. Schiff base ligands with more aromatic groups are generally more stable; hence the varying trends of decomposition are shown by 1a-d as we proceed. The decomposition due to the elimination of the water molecules in 1a is observed at 150 and 290 ∘ C. It was followed by a major decomposition at around 450 ∘ C attributed to the decomposition of a molecule of 1 with a mass loss of 40% and calculated as 43.7%. The final decomposition due to the second ligand extends beyond 900 ∘ C leaving the metal oxide. The removal of water molecules from 4b was observed at around 100 ∘ C. The major decomposition at 400 ∘ C was attributed to the loss of 4 with a mass percentage of 45% which was calculated as 44.3%. The third decomposition over a wide temperature range was attributed to the second Schiff base ligand leaving a cobalt oxide residue behind with a percentage mass of 6.9% and calculated as 7.7% ( Figure 9 ). The thermogram for 1b exhibited multiple decompositions bringing about unequivocal assignments an evidence of its low thermal stability. However, the water molecules elimination can be observed at 160 ∘ C. Complex 2c (Figure 10 ) exhibited decompositions due to water molecules at around 80 and 140 ∘ C. Its major decomposition occurred at 420 ∘ C associated with the removal of a molecule of 2 with an equivalent mass loss of 50% and calculated as 50.9%. The final decomposition at around 810 ∘ C was attributed to the removal of a total of four molecules of water and two molecules of the Schiff base leaving behind a nickel oxide residue with a percentage mass of 9% and calculated as 8.7%.
Another multistep decomposition trend was observed in 1c. The elimination of the water molecules was evident from the decompositions at 170 and 280 ∘ C. A major decomposition due to the removal of a 1 molecule was observed at 440 ∘ C with a mass loss of 44% which is in agreement with the calculated mass loss of 43.5%. The final decomposition due to the removal of the second Schiff base extends beyond 900 ∘ C which was terminated with the left over nickel oxide. The thermal decomposition of 2d showed an unexpected one decomposition step at 330 ∘ C which cannot be easily assigned. This observation may be due to the formation of gaseous reaction products. Also unexpectedly, the coordinated water molecule in 1d cannot be accounted for in the TGA curve but a major decomposition at 440 ∘ C may be due to the elimination of one Schiff base ligand with a mass loss of 45%, calculated as 43.2% (Figure 11 ). This was followed by a second and final decomposition attributed to the fragmentation of the last 1 molecule, leaving behind a residue of the metal oxide with a remaining mass of around 11%, calculated as 8.8%.
On the basis of elemental analysis and spectroscopic and TGA results the proposed structures of metal complexes may be represented as seen in Figure 12 . Table 1 .
Solid state molecular structure of Bmpp-Sn⋅H 2 O as seen in Figure 13 is essentially planar with the plane of the methylpyrazolone group but with the phenyl groups turned out of the plane in accordance with reported crystal structures [18, 28] . The phenyl rings C11-C16, C21-C26, and C31-C36 make dihedral angles of 39.44 (12) ∘ , 66.26(13) ∘ , and 34.38 (13) ∘ , respectively, with the methylpyrazolone group.
There are three intramolecular bonds: one short N2⋅ ⋅ ⋅ H2⋅ ⋅ ⋅ O3 hydrogen bond of 1.90Å and two long C13⋅ ⋅ ⋅ H13⋅ ⋅ ⋅ O2 and C32⋅ ⋅ ⋅ H32⋅ ⋅ ⋅ O3 hydrogen bonds of 2.48Å each (Figure 14) . with the Cambridge Crystallographic Data Centre, CCDC, number 923953.
Antibacterial Activity.
A generally moderate to poor activity of reported compounds with some showing no activity at all is observed relative to the standard chloramphenicol drug, as seen from the mean values of bacterial growth inhibition zones carried out in triplicate at 40 mg/mL concentration. 2 exhibited a broad spectrum activity (active against all selected bacterial isolates) and showed the highest zone of inhibition value of 24 mm against Aeromonas hydrophila (Table 2) . 2b, 2c, 1c, and 1 on the other hand exhibited activity against three of the selected bacterial isolates. Although it is expected that chelation of metal ion to Schiff base does increase the possibility of microbial growth inhibition [41] , the observed variation herein may be as a result of impermeability of bacterial isolates cell wall or the nature of their ribosomes [42] .
3.9. Antioxidant (Free Radical Scavenging) Activity. The reduction/scavenging capability is taken as the decrease in absorbance at a constant wavelength relative to the control sample which is made possible by antioxidant properties [43] . It is evident that the potential antioxidant properties of some nitrogen groups in 1 and 2 may be able to push electron density towards the free radicals to produce relatively stable molecules. The metal complexes exhibited a generally low antioxidant property compared to standard drug ascorbic acid ( Figure 15 ). However, 1c showed very strong antioxidant activities having values almost equal to that of ascorbic acid in all three different concentrations. 1a as well as 1b exhibited strong antioxidant properties higher than their Schiff base ligand 1, which is in agreement with previously reported compounds coordinated to transition metal ions [45] . On comparing the metal complexes with their corresponding ligands, 2 showed a stronger free radical scavenging property at all three different concentrations contrary to 1.
Conclusions
The reported results herein support the successful synthesis of new possible therapeutic Schiff bases and their metal complexes. A keto-imine tautomer of 1 and 2 has been established with good bioactivity, more of which were free radicals scavengers (antioxidant activity). Single crystal X-ray analysis further confirms the structure of 2 and an octahedral geometry of metal complexes with two molecules of Schiff base ligand and H 2 O molecule each have been proposed by way of analytical and spectroscopic techniques. A good number of the synthesized compounds have been identified as potential bactericidals and putting their antioxidant activities into consideration, synthesized compounds may be useful antitumour candidates.
Additional Information
Crystallographic data for 4-benzoyl-3-methyl-1-phenyl-2-pyrazolin-5-one sulfanilamide reported herein has been deposited with the Cambridge Crystallographic Data Centre (CCDC) number 923953. 
